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ABSTRACT
Objective: To study clinical manifestations and outcome of hyponatremia and hypernatremia in
children with diarrhea.
Method: We compared children aged 0–59 months hospitalized from 1 January to 31 December
2013 with hyponatremia (serum sodium <130mmol/l), hypernatremia (serum sodium
>150mmol/l) and normonatremia (serum sodium 135–145mmol/l).
Results: The case fatality was significantly higher among the children with hypernatremia and hypo-
natremia than normonatremia. A logistic regression analysis adjusting for potential confounders re-
vealed that children with hyponatremia are more likely to have convulsions, have severe acute mal-
nutrition and be of older age compared with children with normal serum sodium. Children with
hypernatremia are more likely to have convulsions and dehydration than normonatremic children
(for all p< 0.05).
Conclusion: Early diagnosis and prompt management of hypo- and hypernatremia by identifying
simple clinical predicting factors of these two conditions in diarrheal children<5 years of age is crit-
ically important to prevent deaths in such children, especially in resource-limited settings.
KEYWORDS : children, deaths, diarrhea, hypernatremia, hyponatremia
INTRODUCTION
Diarrheal disease is the second leading cause of death
and accounts for nearly 9% of 6.3 million global
deaths in children<5 years of age, and 6% of deaths
in children<5 years of age in Bangladesh [1]. Most
of these deaths are associated with diarrheal compli-
cations and/or associated problems [2, 3]. A standar-
dized management protocol for severe malnutrition,
a common problem associated with diarrhea, was im-
plemented in our hospital in 1996. This management
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protocol reduced the death rate among severely mal-
nourished children by 47% [2]. Despite this achieve-
ment, hyponatremia (serum sodium<130mmol/l)
and hypernatremia (serum sodium>150mmol/l),
two main complications of diarrhea, are still import-
ant causes of death both in well-nourished and mal-
nourished children [3, 4]. Moreover, globally
hyponatremia and hypernatremia are also considered
as common problems in children with diarrhea [5].
They are known to contribute to morbidity and
often other morbid conditions including seizures and
encephalopathy [4].
Clinical manifestations of hyponatremia include
lethargy, disorientation and depressed motor reflexes,
which often overlap with manifestations of hyperna-
tremia [6]. Severe hypernatremia (>170mmol/l)
may present with hyperthermia, seizures and
coma [7]. If not identified early and managed prop-
erly, children may develop neurological sequelae [8].
Owing to a wide range of overlapping manifest-
ations, hyponatremia and hypernatremia are
often underdiagnosed, and timely intervention is
delayed [8].
Children with malnutrition and diarrhea are more
prone to develop hyponatremia and have a higher
mortality rate [4]. On the other hand, most
studies revealed that hypernatremia occurs primarily
in dehydration associated with diarrhea [9, 10].
Improperly prepared oral rehydration salt (ORS)
solution, excessive intake of the same and rotaviral
infection are thought to be the major causes of
hypernatremia in diarrhea and are associated with
life-threatening complications [9]. Thirty years
ago, the consequences of hyponatremia and hyperna-
tremia with acute diarrhea were evaluated in
Bangladesh [5], which reported a high-case fatality
rate with hyponatremia (>10%). A correlation of
malnutrition and dehydration was also demonstrated
[5]. However, there is an obvious change in the
trend of the consequences of these two fatal condi-
tions. Since the earlier study, no further research on
the pattern of hyponatremia and hypernatremia has
been undertaken in this specialized setting of diar-
rhea and malnutrition. Our study aimed to evalu-
ate the associated factors of hyponatremia and
hypernatremia and outline the characteristics of such
children in the setting of diarrheal disease.
MATERIALS AND METHODS
Study site and population
This study was conducted in the Dhaka hospital of
International Centre for Diarrheal Disease Research,
Bangladesh (icddr,b). This is the largest diarrheal
treatment center in the world, providing care and
treatment to >140,000 patients of all ages annually.
Patients often come with diarrheal illnesses and/or
other associated problems, including pneumonia,
malnutrition, sepsis and electrolyte abnormalities. In
the year 2013, the total number of children<5 years
of age admitted was 98,506; those who had serum
electrolytes measured during hospitalization were
included in our study, and their medical data were
extracted from the hospital electronic medical record
system. The majority of the care seekers were from a
poor socioeconomic background and lived in urban
and pre-urban Dhaka. Care is provided by a profes-
sional team, which includes junior and consultant
physicians, nurses, counselors and dietary workers in
a multidisciplinary approach. Patients were treated
according to the written protocolized hospital man-
agement plan for severe acute malnutrition (SAM),
and treatment for hyponatremia and hypernatremia
was provided when required [11, 12]. During hospi-
talization, all treatment is provided free of cost,
which includes drugs, food, laboratory investigations
and other logistic support.
Study design
This study was an unmatched retrospective medical
record analysis with a case control design. We
studied children of either sex, aged 0–59 months,
who attended the Dhaka hospital during 1 January
to 31 December 2013, and had serum electrolytes
measured during hospitalization. Patients’ medical
records were stored in a computerized hospital man-
agement system, which is access guarded. The data
were collected anonymously, and children were
organized into three groups: normonatremia (serum
sodium 135–145mmol/l), hyponatremia (serum so-
dium<130mmol/l) or hypernatremia (serum so-
dium>150mmol/l). Children with hyponatremia
and hypernatremia were compared separately from
normonatremic children.
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Data management and analysis
All data were entered into a database (SPSS version
17.0; Chicago, IL, USA). Differences in proportions
were compared by the Chi-square test or Fisher-
Exact test, as appropriate. Differences in means were
compared by t-test (for normally distributed data),
and differences in medians were compared by
Mann–Whitney test (for data that were not normally
distributed). p-values<0.05 were considered statis-
tically significant. Strength of association was deter-
mined by calculating odds ratios and their 95%
confidence intervals. In univariate models, character-
istics analyzed included age, diarrhea after admission,
fever on arrival, convulsion on presentation, no rehy-
dration fluid intake before hospitalization, abnormal
mentation (either lethargic or irritable), dehydration
on arrival, edema, association of SAM, association of
sepsis, development of septic shock, association of
pneumonia and death in hospital. Finally, we per-
formed logistic regression analysis to identify charac-
teristics that were significantly associated with
hyponatremia and hypernatremia after adjusting for
the covariates. In the regression model, characteris-
tics that were significantly associated with hyponatre-
mia or hypernatremia by univariate analyses were
considered as independent variables, whereas hypo-
natremia and hypernatremia acted as dependent vari-
ables in two different models.
Ethical approval statement
The study (protocol number: PR-14063) was
approved by icddr,b’s Research Review and Ethical
Review Committees. All the data collected were kept
confidential.
RESULTS
We reviewed 1224 medical records of children
admitted from January to December 2013 who ful-
filled our inclusion criteria. Of these children, 693
(56.6%) were normonatremic, 292 (23.8%) were
hyponatremic and rest 239 children (19.5%) were
hypernatremic. Mean serum sodium levels among
children with normonatremia, hyponatremia and
hypernatremia were 138.76 2.8, 125.86 4.2 and
165.26 13.4, respectively.
The median ages of children with normonatremia,
hyponatremia and hypernatremia with their differ-
ences are shown in Table 1. The case-fatality rate
was significantly higher among both the groups of
hyponatremia and hypernatremia compared with
normonatremia group (Fig. 1). In univariate ana-
lyses, children with hyponatremia more often pre-
sented at an older age, with convulsion, abnormal
mental status, dehydration, SAM, septic shock and
pneumonia. Similarly, children with hypernatremia
more often presented with fever, convulsion, abnor-
mal mental status, dehydration, septic shock and
pneumonia. Distribution of diarrhea, no rehydration
fluid intake at home, edema and sepsis among the
groups were statistically insignificant (Table 1).
In logistic regression analyses, after adjusting for
likely confounders (Table 2), children with hypona-
tremia were significantly more likely to present at an
older age, with convulsion, and SAM (Table 2). For
children with hypernatremia, the significant associ-
ations found after logistic regression analysis were
convulsion and dehydration (Table 3).
DISCUSSION
Our study evaluates children suffering from hypona-
tremia and hypernatremia, which are serious compli-
cations of diarrhea in developing countries with a
high burden of diarrhea and malnutrition [4, 5].
Thirty years ago, Samadi et al. [5] described the con-
sequences of hyponatremia and hypernatremia in
children with diarrhea in Bangladesh. Hyponatremia
was associated with a high case fatality rate of>10%,
whereas hypernatremia-associated deaths were only
1.2%. Our study suggests that the scenario has now
changed, with case fatality in hypernatremia being
12% and in hyponatremia only 5%. Malnourished
children are typically hyponatremic despite having
excess total body sodium because of an intracellular
shift of sodium related to an inefficient Naþ/Kþ
pump [13]. During states of volume depletion, using
fluids containing large quantities of sodium may lead
to a high mortality rate [5]. In view of this fact,
World Health Organization has revised the formula-
tion of standard rehydration salt (ORS) with a new
low-sodium-containing ORS (the hypo-osmolar
ORS) for the past two decades, which may have an
208  Hyponatremia and Hypernatremia in Childhood Diarrhea Dow
nloaded from
 https://academ
ic.oup.com
/tropej/article-abstract/62/3/206/2363012 by U
niversity of N
orth C
arolina at C
hapel H
ill H
ealth Sciences Library user on 14 August 2019
T
ab
le
1.
C
om
pa
ri
so
n
of
ba
se
lin
e
ch
ar
ac
te
ri
st
ic
s
am
on
g
th
e
un
de
r-
fiv
e
ch
ild
re
n
w
it
h
no
rm
on
at
re
m
ia
,h
yp
on
at
re
m
ia
an
d
hy
pe
rn
at
re
m
ia
on
ad
m
is
si
on
C
ha
ra
ct
er
is
tic
s
A
ll
pa
tie
nt
s
N
or
m
on
at
re
m
ia
H
yp
on
at
re
m
ia
H
yp
er
na
tr
em
ia
N
or
m
o
vs
.h
yp
o
N
or
m
o
vs
.h
yp
er
n
¼
12
24
69
3
(5
6.
62
%
)
29
2
(2
3.
86
%
)
23
9
(1
9.
53
%
)
O
R
(9
5%
C
I)
O
R
(9
5%
C
I)
n
(%
)
p-
va
lu
e
p-
va
lu
e
A
ge
in
m
on
th
s
(m
ed
ia
n,
IQ
R
)
7.
0
(4
,1
2)
11
.0
(4
.3
,2
4)
7.
0
(4
,1
0)
–
–
<
0.
00
1
0.
1
D
ia
rr
he
a
du
ri
ng
ho
sp
ita
liz
at
io
n
10
88
(8
8)
61
0
(8
8)
26
9
(9
2)
20
9
(8
7)
1.
59
(0
.9
6–
2.
66
)
0.
95
(0
.5
9–
1.
52
)
0.
58
0.
81
Fe
ve
r
du
ri
ng
ad
m
is
si
on
49
1
(4
0)
26
0
(3
8)
11
9
(4
1)
11
2
(4
7)
1.
15
(0
.8
6–
1.
53
)
1.
47
(1
.0
8–
2.
00
)
0.
34
0.
01
C
on
vu
ls
io
n
du
ri
ng
ad
m
is
si
on
27
5
(2
2)
62
(9
)
11
9
(4
1)
94
(3
9)
3.
15
(2
.1
3–
4.
66
)
6.
60
(4
.4
9–
9.
70
)
<
0.
00
1
<
0.
00
1
N
o
re
hy
dr
at
io
n
flu
id
in
ta
ke
be
fo
re
ho
sp
ita
liz
at
io
n
22
9
(1
9)
13
7
(2
0)
51
(1
8)
41
(1
7)
0.
86
(0
.5
9–
1.
24
)
0.
84
(0
.5
6–
1.
26
)
0.
40
0.
37
A
bn
or
m
al
m
en
ta
ls
ta
tu
s
(l
et
ha
rg
ic
or
ir
ri
ta
bl
e)
60
9
(5
0)
30
7
(4
4)
17
1
(5
9)
13
1
(5
5)
1.
78
(1
.3
3–
2.
37
)
1.
53
(1
.1
2–
2.
07
)
<
0.
00
1
<
0.
00
1
D
eh
yd
ra
tio
n
on
ar
ri
va
l
(s
om
e
or
se
ve
re
si
gn
)
76
0
(6
2)
39
8
(5
7)
19
8
(6
8)
16
4
(6
9)
1.
56
(1
.1
6–
2.
10
)
1.
62
(1
.1
7–
2.
24
)
<
0.
00
1
<
0.
00
1
E
de
m
a
13
(1
)
6
(1
)
6
(2
)
1
(1
)
2.
40
(0
.6
8–
8.
47
)
0.
48
(0
.0
2–
4.
03
)
0.
12
0.
49
A
ss
oc
ia
tio
n
of
SA
M
(>
-3
W
L
Z
)
19
2
(1
6)
92
(1
3)
66
(2
3)
34
(1
4)
1.
91
(1
.3
2–
2.
75
)
1.
00
(0
.6
9–
1.
69
)
<
0.
00
1
0.
71
A
ss
oc
ia
tio
n
of
se
ps
is
89
(6
)
51
(7
)
25
(9
)
13
(5
)
1.
18
(0
.6
9–
1.
99
)
0.
72
(0
.3
7–
1.
40
)
0.
31
D
ev
el
op
m
en
t
of
se
pt
ic
sh
oc
k
56
(5
)
12
(1
)
17
(6
)
27
(1
1)
3.
51
(1
.5
7–
7.
93
)
7.
23
(3
.4
4–
15
.4
0)
<
0.
00
1
<
0.
00
1
A
ss
oc
ia
tio
n
of
pn
eu
m
on
ia
34
5
(2
8)
19
3
(2
7)
61
(2
1)
91
(3
8)
0.
68
(0
.4
9–
0.
96
)
1.
59
(1
.1
6–
2.
20
)
0.
02
0.
00
3
D
ea
th
in
ho
sp
ita
l
56
(5
)
12
(2
)
15
(5
)
29
(1
2)
3.
07
(1
.3
4–
7.
09
)
7.
84
(3
.7
7–
16
.5
7)
0.
00
5
<
0.
00
1
N
ot
e.
Fi
gu
re
s
re
pr
es
en
t
n
(%
),
un
le
ss
sp
ec
ifi
ed
.O
R
¼
od
ds
ra
tio
;C
I¼
co
nfi
de
nc
e
in
te
rv
al
;I
Q
R
¼
in
te
rq
ua
rt
ile
ra
ng
e.
L
eg
en
d:
SA
M
¼
se
ve
re
ac
ut
e
m
al
nu
tr
iti
on
;W
L
Z
¼
w
ei
gh
t
fo
r
le
ng
th
Z
-s
co
re
.
Hyponatremia and Hypernatremia in Childhood Diarrhea  209 Dow
nloaded from
 https://academ
ic.oup.com
/tropej/article-abstract/62/3/206/2363012 by U
niversity of N
orth C
arolina at C
hapel H
ill H
ealth Sciences Library user on 14 August 2019
Fig. 1. Association of death with different levels of serum sodium.
Table 2. Independent predictors of hyponatremia in under-five diarrheal patients
Predictors Unadjusted Adjusted
OR (95%CI) p OR (95% CI) p
Age – <0.001 1.05 (1.04–1.06) <0.001
Convulsion 3.15 (2.13–4.66) <0.001 2.86 (1.91–4.29) <0.001
Presence of SAM 1.91 (1.32–2.75) <0.001 2.32 (1.58–3.41) <0.001
Abnormal mental status 1.78 (1.33–2.37) <0.001 1.35 (0.9–1.88) 0.08
Presence of dehydration 1.56 (1.16–2.10) <0.001 1.24 (0.88–1.75) 0.22
Note. Exclusion variables: Septic shock and pneumonia variables were excluded from the regression model, as in 2/2 table, one cell value was 0.
Adjustment variables: Abnormal mental status and presence of dehydration.
Table 3. Independent predictors of hypernatremia in under-five diarrheal patients
Predictors Unadjusted Adjusted
OR (95%CI) p OR (95% CI) p
Convulsion 6.60 (4.49–9.70) <0.001 6.94 (4.74–10.15) <0.001
Presence of dehydration 1.62 (1.17–2.24) <0.001 1.84 (1.28–2.66) 0.001
Abnormal mental status 1.53 (1.12–2.07) <0.001 1.10 (0.77–1.57) 0.59
Fever on admission 1.47 (1.08–2.00) 0.01 1.19 (0.86–1.66) 0.30
Note. Exclusion variables: Association of pneumonia variable were excluded from the regression model, as in 2/2 table, one cell value was 1.
Adjustment variables: Abnormal mental status and fever on admission.
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impact in reducing the mortality related with volume
overload in hyponatremic children [14]. There has
been a reduction in the incidence of invasive diarrhea
owing to Shigellosis in Bangladesh, which could have
resulted in a reduced prevalence of hyponatremia.
This may have an impact in reduced mortality from
hyponatremia [15]. Moreover, diagnosis of hyperna-
tremia is still underestimated by the clinicians owing
to lack of overt clinical signs of dehydration in hyper-
natremia children [16].
The prevalence of hypernatremia among hospital-
ized patients has been reported to be 2.5–12%, while
mortality rates vary between 24% and 60% [17, 18].
Death can occur either owing to the consequence of
hypernatremia itself or as a result of complications
during correction of dehydration [18]. In our study,
case fatality associated with hypernatremia seems to
be increasing compared with previous reports [5].
Several factors may contribute to the situation, such
as change in the etiology of diarrhea [19] and the
concept of preparation of ORS solution for manag-
ing dehydration [20]. This is an important aspect to
reduce diarrhea-related deaths and further research,
particularly qualitative, needs to be undertaken.
We observe a significant association between
serum sodium concentration and abnormal mental
status that includes lethargy, irritability or convulsions.
Most importantly, commonly associated conditions of
hypernatremia in developing countries such as diar-
rhea and vomiting cause excess loss of water that may
exceed electrolyte loss and lead to an increase in the
osmolarity of body fluids. As a result, there is move-
ment of water from the cells to the extracellular fluid
compartment. This results in intracellular dehydra-
tion, subsequently resulting in brain shrinkage, which
predisposes the child to petechial brain hemorrhages
that may manifest convulsion [16]. Alternatively, con-
vulsion in hyponatremia occurs owing to brain cell
swelling as a result of Naþ deficit in the extracellular
fluid compartment, which is sufficient to lead to a dev-
astating neurological outcome [21]. From our study,
it can be postulated that convulsion on presentation
can be used as a screening tool for sodium disorders,
and should be managed immediately to prevent future
neurological complications.
Our study describes an association between hypo-
natremia with SAM and pneumonia. A number of
studies have reported the association of hyponatre-
mia with SAM [22, 23]. Children with pneumonia
may often present with syndrome of inappropriate
Antidiuretic Hormone (ADH) secretion resulting in
hyponatremia. Moreover, co-existence of pneumonia
and hyponatremia often occurs in SAM children
with minimum clinical manifestation of pneumonia
owing to poor inflammatory response and hypokal-
emia in SAM children [24–26].
We observed the association of dehydration with
hypernatremia. Clinical signs such as restlessness and
thirst are common signs of dehydration and hyperna-
tremia. This may have led to an association of dehy-
dration with hypernatremia [6, 7, 27].
The main limitation of this study is the retrospect-
ive nature of the study that may restrain interpretation
of information. Moreover, the data on rehydration
fluid used at home could not be retrieved, which
could contribute more to the findings. Finally, this re-
port reflects the experience of just one urban hospital
that primarily provides care for children with diarrheal
disease and so this may not be generalizable to all
patients admitted elsewhere.
In conclusion, both hyponatremia and hyperna-
tremia are common diarrheal-associated complica-
tions in developing countries that have high-case
fatality. The findings of our study have significant
clinical importance to generate future research
hypotheses for targeted identification of hyponatre-
mia and hypernatremia and early interventions to
reduce diarrhea-related deaths in developing
countries.
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